APPENDIX D: General Guidance for Hydrologic/Hydraulic Design

The term design storm can be confusing because it is sometimes loosely used to describe volume
of precipitation and runoff. These two values are related, but they are not the same. Rainfall
volume is that portion of the total rainfall that does not infiltrate or evaporate.

Rainfall volume is related to runoff volume by a conversion factor, called the runoff coefficient.
The runoff coefficient is used to calculate approximate runoff values from given rainfall values,
expressed as a percentage. The general equation for conversion of rainfall to runoff is:

IxR, =0,
where: | = Rainfall volume (inches)
R, = Runoff coefficient (dimensionless)
Q, = Runoff volume (inches)

Runoff volumes can be estimated using several approaches, ranging from the simple to the more
complex (and site specific). The first two approaches, the first flush of runoff and the first half-
inch of runoff, are based on average runoff values developed from many years of data collection
and research. Both approaches yield good working values, but are only considered averages.
They do not account for site-specific variability in precipitation. The third approach, the 90-
percent storm capture rule, is more site-specific.

The first flush of runoff refers more to the level of pollutant concentrations in runoff than to the
volume of runoff itself. Thus, first flush is an excellent rule of thumb for sizing storm facilities
for water quality purposes. The assumption follows that by capturing the first flush of pollutants,
the first half-inch of runoff for a given area will be treated. Recent research indicates that the
assumption does not hold true for all pollutants. This general guidance follows the first flush
technique, which does have some limitations. The first flush technique is a good place to start,
but some communities may have further refined requirements for sizing storm water facilities.

Sizing for Design Storms

Since not all precipitation becomes runoff, general guidance is provided to assist in determining
the runoff resulting from frequency/duration/intensity of rainfall. Additional information needed
are current and adjacent land uses, slope and soil types of the watershed. One of the most widely
used methods for calculating runoff is the SCS methodology. The SCS methodology uses a
synthetic storm distribution, Type II in Idaho. The Idaho Transportation Department (ITD) has
divided the state into a number of different precipitation zones, A through [ for hydraulic design
purposes (Figure D-1). For example, rainfall intensities within the C zone tend to be more
intense than those common to the A and B zones. Tables of land use descriptions translate the



land use into curve numbers that account for most of the variables mentioned above. A set of
graphs is then used to calculate the peak flows from the volume information,

The Intensity-Duration-Frequency curve used by ITD to figure storm characteristics for each
zone is shown as Figures D-2. Lines showing return intervals from 2 to 100 years are drawn
across a grid showing duration versus rainfall intensity. These curves show, for instance, that a
10-year, 24-hour storm, therefore, has a rainfall intensity of 0.08 inches / hour. The total volume
of this storm may be calculated as 0.08 inches/hour * 24 hours = 1.92 inches. The 25-year, 24-
hour storm volume 1s 2.4 inches.

Federal flood insurance studies use the 100-year event to determine the boundary of the flood
plain. Culverts under county and state roads are usually designed for storms with a return
interval of 10 or 15 years. This ensures that the road will be flooded very rarely. For smaller
urban conveyance systems, benefit cost analysis has shown that the more frequent 5-year storm
is often the most cost effective standard to use for storm drain design (Casamayor and Rodgers,
1980 as referenced in Debo and Reese, 1995). The configuration of natural stream channels is
determined by even more frequent flows, usually the two-year event. Finally, facilities for
stormwater quality control are usually sized for storms with a recurrence interval of less than a
year. Although small, these storms are so numerous that controlling them will control the
majority of pollutant loading within a drainage system.

Recommended Design for Water Quality Facilities

Facilities whose main purpose is water quality control generally need to detain storm flows for
significantly longer periods of time than flood control facilities. Thus, to handle the same size
storm, a pond to improve water quality may need to be several times the size of a facility strictly
for flood control and prohibitively expensive. Therefore, facilities designed to improve water
quality are usually sized using a smaller storm.

Another benefit to sizing stormwater treatment facilities for the smaller storms is that the “first
flush” is captured. Pollutants tend to build up between storms and tend to be washed off during
the first part of a storm. A prolonged storm may have dramatically lower pollutant
concentrations towards the end than it had during the “first flush™ at its start. Therefore,
capturing the first few hours of a storm, for instance, may remove a greater proportion of the
pollutant load than expected. The first flush effect is most commonly seen in small, highly
impervious basins (e.g., an area with a large shopping mall parking lot or commercial strip
development).

Ideally, several decades of storm volume and intensity information for a given county would be
analyzed to determine rainfall volumes for the various design storms. The Idaho Transportation
Department has done that analysis, but only for 2-year storms and larger. In order to estimate
what the smaller storms are like, the Seattle arca was used for comparison. The work in Seattle
calculated the amount of rainfall treated by capturing different sized, 24-hour duration storms
(Puget Sound manual, 1992). The study found that 98 percent of the rainfall fell in storms equal



to or smaller than the 2-vear storm. The 1-year storm encompassed 95 percent of the total
rainfall. Storms of 6-month or smaller size accounted for 91 percent of the rainfall. One-month
storms accounted for 62 percent of the rainfall.

As one might expect, the pond size required to capture these storm volumes escalates rapidly as
the storms grow larger. The 1-month storm volume from | urban acre was estimated as

1000 cubic feet. The pond requires 3000, 4010, and 5380 cubic feet respectively for the
6-month, 1-year, and 2-year storms. In other words, the required volume triples from the
1-month to the 6-month storm while capturing an additional 29 percent of the stormwater runoff.
Increasing the pond by an additional third, 3000 to 4010 cubic feet increases the capture by an
additional 4 percent.

Thus, although an ideal situation might be to capture and treat all stormwater runoff, it is obvious
that the size, and therefore, cost of the facilities required would quickly become prohibitive. The
point at which the pond is the most cost-efficient appears to lie somewhere in between the 1 and
6-month return frequencies.

Estimating the appropriate water quality storm volume can be problematic. The
Intensity/Duration/Frequency curves given in the Figures -2 only go down to the 2-year storm.
For the Seattle area, the 6-month 24-hour storm was found to be 64 percent of the 2-year storm.
However, the most efficient volume appears to be somewhat less than this. Thus, 1/3 of the 2-
year storm volume is recommended. LOCAL DESIGN STANDARDS FOR SIZING
STORMWATER FACILITIES FOR. WATER. QUALITY SHOULD BE USED IF THEY
EXIST.

Recommended Design for Flood Control Facilities

In areas about to be developed, the most commonly used method for sizing facilities to control
flooding is to compare pre-development runoff with projected post-development runoff. The
developer is then responsible for the difference. For example, a new subdivision of single-tanuly
residential 1/2-acre lots is to be created from an existing ranch. Modeling shows that the
estimated peak flow from the ranch during a 10-year storm is 40 cfs. After development, the
projected flow will be 320 cfs. The developer is responsible for the additional 280 cfs. He may
provide on-site detention of adequate volume to maintain the peak flow at the existing 40 cfs. He
may contribute in-lieu of fees towards a regional detention facility which would decrease flows
from his development and adjacent ones. Or he may help pay for the increased culvert sizes and
ditches necessary to carry the excess flows.

LOCAL DESIGN STANDARDS FOR SIZING STORMWATER FACILITIES FOR FLOOD
CONTROL SHOULD BE USED IF THEY EXIST. If no local standards are presently in use,
the recommended storm for sizing conveyance facilities affecting major streets is the 10-year
storm. The 5-year storm is recommended for smaller, residential streets where traffic density is
lighter.



Estimating Runoff During Snowmelt

Most stormwater facilities are designed for design storms which are usually assumed to consist
of precipitation entirely in the form of rain. In most parts of the country the largest storms are
intense summer thunderstorms. In the Pacific Northwest the largest rainfall volumes occur in
less-intense, but prolonged winter storms. A different type of event that often contributes to
flooding is snowmelt, especially in conjunction with a rainstorm. One characteristic that makes
snowmelt so damaging is that the heavy flows are not lessened by absorption into ground that 1s
saturated and frozen. Due to the significant amount of water tied up in the snowpack, snowmelt
can cause significant capacity and erosion problems. This problem is worsened if a significant
rain event occurs during the melt when the ground is still frozen.

Flows occurring during snowmelt are difficult to estimate. As one of the bulleted items under
Limitations on page 2-11 of the TR-55 Manual contained in this appendix states, “Runoff from
snowmelt or rain on frozen ground cannot be estimated using these procedures.” However, the
application of a formula derived from another source, in conjunction with an adjustment in the
TR-55 method allows at least a rough estimate to be made of flows occurring during snowmelt.

As stated above, the heaviest runoff in springtime often occurs during snowmelt when an intense
rainstorm occurs when the ground is still frozen. All three factors must be considered to arrive at
an estimate of the resulting flow.

First, the storm should be derived from the Intensity/Duration/Frequency curves in the same
manner as the regular design storm. (Since the IDF curves represent the greatest intensity
expected during a given time period and since this usually occurs during summer thunderstorms,
assuming that this storm intensity occurs during snowmelt is being quite conservative. )

Second, the CN number should be adjusted. The CN numbers given for the various land uses in
the tables in this appendix are for an antecedent moisture condition of II. An AMC of 11 is
defined as average conditions. The table below should be used to convert these AMC Il numbers
to those of AMC III. AMC III is defined as heavy rainfall, or light rainfall and low temperatures
occurring within the last five days, leading to saturated soils.

Third, the water contributed from the snowmelt itself needs to be computed. The Degree-Day
Method outlined in the HEC-1 model developed by the Army Corps of Engineers 1s
recommended for making this estimate.



The Degree-Day Method is based on the following equation:
SNWMT = COEF (TMPR - FRZTP)

where SNWMT is the melt in inches per day,

TMPR is the air temperature in degrees F,

FRZTP is the temperature in degrees F at which snow melts,

and COEF is the melt coefficient in inches per degree-day, usually about 0.07.

Assuming the worst conditions, a sudden thaw of 40 degrees, the snowmelt = 0.07 (40-32) or
0.56 inches/day. This should be added to the rainfall from the storm and used in conjunction
with the increased CN read from the table below.

Future Revision

As additional information on storm characteristics becomes available, the water quality design
storm definition may be revised. A statistical analysis of total capture volume for up to a 1-year
storm, proceeding in monthly increments, should allow a curve of capture efficiency to be plotted
and used to refine the required storm capture volume.

The sections following the references are taken from the TR35 manual published by the
SCS in 1986. The use of the excerpts is to assist and provide general guidance for sizing storm
water facilities. They are recommended for calculating stormwater volumes and peak flows for
stormwater BMP design. CONSULT THE LOCAL PERMITTING AUTHORITY TO
DETERMINE WHETHER THERE ARE ADDITIONAL REQUIREMENTS OR PREFERRED
ALTERNATIVES FOR SIZING STORM DESIGNS. LOCAL DESIGN STANDARDS
SHOULD BE USED IF THEY EXIST.
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Table for Converting AMC II to AMC IIL

CN for condition CN for condition IT1
I
100 79
100 T8
99 78
99 77
99 76
98 Fi=]
98 75
o8 T4
97 73
o7 T2
96 71
96 70
a5 70
95 69
94 68
94 &7
93 66
93 65
92 64
92 63
91 62
a1 &1
a0 &0
B9 59
B9 58
b} 57
B8 56
87 55
86 54
86 33
8BS 52
84 51
B4 50
83 43
82 37
82 30
81 22
20 13
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Calculating Storm Water Volumes and Peak Flows

The following is an excerpt from the TRSS manual published by the Soil
Conservation Service (now called the Matural Resources Conservation
Service) in 1986. The procedures can be used for calculating stormwater
runoff volumes and peak flows for BMP design.



Chapter 2: Estimating runoff

SCS Runoti Curve Number method

The SCS Runoff Curve Number (CN) method is
described in detail in NEH-4 (SCS 1985). The SCS
runoff equation is

Q- _F-LP

(Eq. 2-1
(P =10+ 8 chae

where

Q runoff (in),

P = rainfall (in),

5 = potential maximum retention after runoff
bering (in), and

Iy = initial abstraction (in).

Initial abstraction (I,) is all losses before runoff
begins. It includes water retained in surface
depressions, water intercepted by vegelation,
evaporation, and infiltration. I, is highly variable but
generally is correlated with soil and cover
parameters. Through studies of many small
agricultural watersheds, 1, was found to be
approximated by the following empirical equation:

I, =028, [Eq. 22]
By removing I, as an independent parameter, this
approximation allows use of a combination of S and P
to produce a unique runoff amount. Substituting
equation 2-2 into equation 2-1 gives

Q- (P-o028p
(P + 0.8

[Eq. 2-3]

3 is related to the soil and cover conditions of the
watershed through the CN. CN has a range of 0 to
100, and S is related to CN by

5 = 1000 _ 4,
CN
Figure 2-1 and table 2-1 solve equations 2-3 and 24
for a range of CN's and rainfall.

[Eq. 2-4]

Factors considered in determining
runoff curve numbers

The major factors that determine CN are the
hydrologic soil group (HSG), cover type, treatment,
hydrologic condition, and antecedent runoff condition
(ARC). Another factor considered iz whether
impervious areas outlet direetly to the drainage
system (connected) or whether the flow spreads over
pervious areas before entering the drainage system
{unconnected). Figure 2.2 is provided to aid in
selecting the appropriate figure or table for
determining curve numbers.

CN's in table 2-2 (a to d) represent average
antecedent runofl condition for urban, cultivated
agricultural, other agricultural, and arid and semiarid
rangeland uses. Table 2-2 assumes impervious areas
are directly connected. The following sections explain
how to determine CN's and how to modify them for
urban conditions.

Hydrologic soil groups

Infiltration rates of soils vary widely and are affeeted
by subsurface permeability as well as surface intake
rates. Soils are classified into four HSG's (A, B, C,
and D) according to their minimum infiltration rate,
which is obtained for bare soil after prolonged
wetting. Appendix A defines the four groups and
provides a list of most of the soilz in the United
States and their group classification. The soils in the
area of interest may be identified from a soil survey
report, which can be obtained from local SCS offices
or soil and water conservation district offices.

Most urban areas are only partially covered by
impervious surfaces: the soil remains an important
factor in runoff estimates. Urbanization has a greater
effect on runoff in watersheds with soils having high
infiltration rates (sands and gravels) than in
watersheds predominantly of silts and clays, which
generally have low infiltration rates.

Any disturbance of a soil profile ean significantly
change its infiltration characteristies. With
urbanization, native soil profiles may be mixed or
removed or fill material from other areas may be
introduced. Therefore, a method based on zoil

(210-VI-TR-565, Second Ed., June 1986) 2.1
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Lexture 1s given in appendix A for determining the
HEG elassification for disturbed soils.

Cover type

Table 2-2 addresses most cover types, such as
vegetation, bare soil, and impervious surfaces. There

are a number of methods for determining cover type.

The most common are feld reconnaissance, gerial
photographs, and land use maps.

Treatment

Treatment is a cover type modifier (used only in
table 2-2b) to deseribe the management of cultivated
agricultural lands. 1t includes mechanical practices,
such as contouring and terracing, and management
practices, such as crop rotations and reduced or no

tillagre.

Hydrologic condition

Hydrolagic condition indicates the effects of cover
type and treatment on infilbration and runoff and is
generally estimated from density of plant and residue
cover on sample areas. Good hydrologic condition
indicates that the soil usually has a low runoff
potential for that specific hydrologic soil group, cover
Lype, and treatment. Some factors to consider in
estimating the effect of cover on infiltration and
runofl are (a) eanopy or density of lawns, crops, or
other vegpetalive areas: (B) amount of year-round
cover; (¢) amount of mass or close-seeded lepumes in
rotations; (d) percent of residue cover; and (e) degree
of surface roughness,

Table 2-1.—Runoff depth for selected CN's and rainfall amounts!

Runofl depth for curve number of—

Rainfall 40 45 S 1] G ii5 T T &0 Eh ol an as
e e s i i o e’ s e i e ] PRI o e e e L e T

1.0 LKL L] {.0H (hANR L] 0,00 (.M L1 NK (L0s 0.17 | B 4 .54 .74
1.2 A0 M 0 A A JAH] 03 i)} 15 LT A | 1)
14 A [ A A R 02 G i F L 58 Jil A2 118
1.6 A 0 1] L1 A1 A5 11 20 aH a2 T .11 1.38
1.8 A L A A 03 049 AT ) A4 Hifs f 1.24 1.58
&0 L] g K} 02 G . F 24 = ] i B 1.0 1.48 1.77
2.5 L] A .02 i AT 30 Al S o 1.1E 163 1906 297
a0 A0 A i 19 B bl Tl 56 1.25 1,54 1.95 245 297
3.5 A A 21 a5 53 15 1.0:1 1.30 1.64 2102 245 204 32T
4.0 A A8 -l i, i CL0E 138 1.67 2. 240 2497 243 20T
4.5 o 40 L . 102 1.33 1.67 2.05 246 £ 3.0 302 4.2
50 24 A4 B Ay 1.30 165 2.04 245 Z83 387 SEE 442 4.7
6 50 B0 1.14 1.5 152 285 o | 3.28 378 4 ) 4.85 Hal 5T
T . 1.24 168 212 260 F.10 3.62 4.15 oG 525 hER il . Tl
8.0 L.25 1.74 275 278 2.33 3849 440G 504 Gl G.21 .81 740 T. 76
9.0 1.71 25 258 249 4.10 4.7 £5.22 Lan 657 7.18 T8 .40 BTG
K] 223 259 3.56 4.23 4,90 556 .22 688 ‘O H.16 &78 940 . Tk
11.0 278 352 4.2 5,00 5T Gdd 7.12 TEl 248 9,18 D77 10239 10T
12.0 3.58 4.19 ALY 079 .56 T2 Bi5 276 945 10,11 1076 1139 11. 76
13.0 o (Kb 4.5 h.TG {61 b L | 808 BTl 1042 11.10 11.76 12.39 1276
14.0 465 S2 6.55 T.44 B30 12 9.4] 10T 11.38 12.08 12.T5 1535 1370
15.0 53 6.2 7.85 f.oq .19 10004 1086 1163 1237 14,07 13.74 i4.349 14.76

nterpolate the values shown Lo obtain runofl dopths for CM's or raimfall amounts not shown,

(210-VI-TR-85, Second Ed., Junc 1986)
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Unconnecte
impervious
area?

1 No ; Yes
C Impervious
area
< 3087
Determine Determine
Table 2-2 pervious pervious
assumptions CH CN
apply?
(table 2-2) (table 2-2)
L ; |
Determine Determine Determine
composite composite composite
CH CN CN
(table 2-2) (figure 2-3) (figure 2-4)

S

Figure 22.—Flow chart for selecting the appropriate figure or table for determining runefl curve numbers,

(210-VI-TR-55, Second Ed., June 1986)



Table 2-2n.—Runeff curve numbers for urban areas!

Curve numbers for
Cover deseription hydrologie 2oil group—

Averagre percent
Cover type and hydrologic condition impervions aren® A B I:: o

Fully developed wrban areos (vegetation establishea)

Open space (lawns, parks, goll courses, cemeteries,

oo P
Poor condition (prass cover < S0E) ... onnuiniis it 79 i £
Fair condition (grazs cover 50% to T5%). ... ... .. 49 64 79 &1
Good condition (rrass cover = TB%) ... ..o 0. a9 Gl T4 £

Impervious areas:
Faved parking lots, roofs, driveways, ete.
(exccludimE right-od-way ). . s i i s s e e e g4 as 04 G
Streets and roads:
Paved; curbs and storm sewers (excluding

right-of-way) . . . mae g a2 ag g 0H
FPaved, open flllrhl':s.{nmludmg nghmf w:u;,] B3 B9 B2 94
Gravel (including right-of-way) . 76 HA Ea 91
Dirt ncludimg rigrht-ol-oray) .o i T2 B2 87 25
Western desert urban areas:
Nutural desert landscaping (pervious areas onlvi... G 17 i o
Artificial desert landscaping (impervious weed
barrier, desert shrub with 1- to 2-dnch sand
or gravel mulch and bazin borders). ... o0 i DG oG 1]
Urban districts:
Commercial:and bugimess - < e m 85 B9 a2 a4 05
Industrial. oo mi 72 81 88 a1 93
Residential districts by :-.n'magc Im BlEe:
118 acre or bess (howy houses) . oo iaii i e G5 (Y| Hh 1] a2
P10 Ry e e e e s S T R 34 il To & BT
T s o e B A R T et el a0 &7 T2 sl i
B B S e R A b Bt ni 25 o T £ B3
S o G S e O B DI S O B0 0 e B P i 1 G L 20 bl 11 T4 84
BRI e e e e 1 4G i T B2

Developing urban areas

Mewly praded areas (pervious areas only,

no - vegelation)® . oLl it} BG 1] a4
Idle lands (CH's are dct&rm:nﬂd mﬂng COVET h'puus

gimilar to those in table 2-2),

LAverage runoll condition, snd I, = 025,

*The average percent impervious area shown was used Lo develop the composite CN . Other ussumptions are a5 follows: impervious anees
are direetly connectod Lo the dralnape svatem, impervious amas have a CN of 88, and pervious amas are considered equivalent Lo open
space in gocd hydmologie condition. CN's for other combinations of conditions may be computed ustgr fpare 2-3 or 2410

AN shown are equivalent to those of pasture, Composite CN's may be computed for other combinations of open space cover Lype.
ACompozite CN'2 for natural desert Lowlaspang shoubd be computed using fgures 2.8 or 24 bated on Uhe impervicus wren percentage (CMN
= ) mml the peerviows ares M. The pervious ares CR's are assumed equivalent (o desert shrub in poor hydrodogle comdithon.
*ampozite CN'2 Lo use for the design of temporry measures during prading and construction should be computed u=ing figure 23 ar 24,
based on the degree of development (mpervions ams peresiitaged anl the CN's for the newly pricel pervious ares.

(210-VI-TR-55, Second Ed., June 1936) 2
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Table 2-2h.—BunalT curve numbers for cultivated sgricoliural lands

Curve numbers for

Cover deseriplion hydrobogic sail group—
Hydrologic

Caover Ly Treatment® comfition? A B L 1]
Fallow Brare z0b = T B b1l | T
Crop residae sover (CR) Foor 6 ES 0 o3
Cod Wl Fox EH bL 1
Row crops Straight row (518) Poor T2 81 5 b1} |
Gl G7 T8 ES ]|
SR+ CH Poor 11 £ g7 0l
Grooul G4 Th v =5
Contoured () Poar ! T L ER
Cronnid 63 5 o 26
G o+ CR Foaor L] T8 =3 =7
Cepund (1] T Bl 25
Contoured & terraeed (CET) Paar eli i 20 =
Criod i Tl o =l
CET 4+ CR Posor i3 3 ™ 81
L L] Fil T7 =ik
Sarall grain =] {4 Poor L5 T B4 BR
Good i3 15 1 27
SR + CR Foor 1+ T i His
G 0 T2 o] 84
i Poor (i3 T4 £ . ]
Ciood il TS Al Hl
G+ CR Poor G2 T3 a1 | 12|
Gewd 0l Ta 0 ]
CE&T Paar fil T2 T4 B2
Crovi] &4 LU i1 £l
C&T +« CR Poar ¥l Tl 18 £l
Cioon = ] ' el
Close-soeded SR Poar (=H T B5 &0
or broadeast Ceoiond H.d e 51 8%
legrumes or C Poor 64 75 %1 &5
rotation Croorid L3 7] 8 2=
meadow C&T Poar 63 73 80 3
Gooad 5l LT} T &

Uerage ranoll condstson, and [, = 1385,
P i remadap cannes a gl oy Ol yesdline i nf Dot 5% of Lhe gurfaon Lhaougrhoul L i,
Wyt conelithen is based on combinstion of Gctors that affect infiltestion and runolf, including () density and canapy of vegetative
ureas, (5] asout of verrosml oover, o) amoun of gras or clse-seeded legumes in notatsens, (d] pereent. of ressdue sover on Lhe Bl sur-
o fpruead 22 20D, s (o) dhegree of mafece roupghness,

Piser Fuctors inyuadr infiftration ael tend 1o inereise runoll.

{rwats Fuclors encsarsgie aversge snd beiter than aversge mlslratson ais] Lind {0 disorease rumad]

245 210V TR-66, Second Ed., June 1936)



Table 2-2¢.—Runofl curve numbers For other agricullural Bnds?

Curve numbsers for

Cover description hydrologie soil group—
Hydrolopie
Cover Lype condition A B C D
Pasture, prasslamd, or rungre—continuous Faor G5 T4 b H &
lorwgre for praxing.? Fair 48 G T 84
Caoodd &4 Gl (L Hi)
Meadow —continuows grass, protected from ™ 0 it 7l &

grazing and generlly mowed for hay.

Brush—brush-weed-prass mixture with brush Poor 48 T (i} =
the mujo element Fair Fi i il T i
Lo 530 48 G5 T4

Woods—prass combination (orehard Poor 57 i B2 84
or tree farm).® Fair 43 G5 T £

' Caoad 32 54 T2 9

Wz ® Paoar 45 GG 17 &
Fair a6 G 13 L

Croad 30 55 T 1

Farmateids—huildings, lanes, diiveways, - a9 T4 g2 . 1

and surrounding bts.

VAveraee runoll condition, and |, = 025,

A% PR Eroand cover oF heavily grased with ne mlch.
e B Lo T prouns] eover wndl not heavily praaed.
Comnt: = 0% pround cover and Bightly or enly cccasgondly. grazed.

o T <M pruandd cover.
Fraiv o to THE gEroinsl cover,
Cirans 5 T F pErouncd conoer,

et cuve iimber s less Chan 300 wee CN o= 00 Ty el computations.

MM shoan were compubed for avens wilh 5FEF wosds angd BFE prass (padere) cover. Uther combination: of conditions may be computad
T Lhar Ch's G wosdls unl grastame.

€y Forest litter, small trees, sisd brush ave destoved by heavy gruzsng or regnelar bunmangs.

Feir Woodls wre gruged but not baeed, sl some forest Bitler covers Uhe w0,
Crosrly  Woansile are protected from geeing. awl lter sl brush adequately cover Lthe ol

(210-VI-TR-55, Second Ed., June 1936)
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Table Z-2d.=Runofl curve numbers for arid and seminrid rangelands!

Curve numbers for

Cover description hydrologic zoil group—
Hydrologic

Cover type condition® Al B [ o
Herbaceous—mixture of prass, weeds, and Poor bl &7 1e]
lowsgrowing brush, with brush the Fair T &1 a9
mingr clement. Good i T4 85
Ouk-aspen—mountain brush mixture of cak brush, Poor G T4 79
aspen, mountain mahogany, bitter brush, maple, Fair 44 LT G
and other brush, Good 30 41 48
Pimyoen-juniper—pinyen, juniper, or bath; Poor Th Eb £
grass understory. Fair 58 3 B0
Good 11 il 71
Sagebrush with grass understory. Poor 67 20 55
Fair al i3 n
Grood ] 47 55
Desert shrub—major plants include saltbush, Poor 63 7 A5 88
greasewood, eressotebush, blackbrush, bursage, Fair 54 T2 £l B
palo verde, mesguite, and ciclis. G 49 G T4 B

YAverage runcfl condition, and I, = 0,25 For range in humid regions, use tabbe 220
w3 proasd cover (iter, g, anl s overstory),

e W0t TOR preound cover
ferwwts = TFE prousl cover.

Mourvie numbers for groap A have been developed only for desert shoub,

2-5 (210-VI-TE-55, Secand Ed., June 1956)



Antecedent runoll condition

The index of runofl potential before a storm event is
the antecedent runoff eondition (ARC). ARC is an
attempt to account for the variation in CN at a site
from storm to storm. CN for the average ARC at a
site is the median value as taken from sample rainfall
and runoff data. The CN's in table 2-2 are for the
averare ARC, which is uged primarily for design
applications. See NEH-4 (5CS 1985) and Rallison and
Miller (1981) for more detailed diseussion of storm-to-
storm variation and a demonstration of upper and
lower enveloping curves.

Urban impervious area modifications

Several factors, such as the percentage of impervious
area and the means of conveying runofl from
impervious areas to the drainage system, should be
considered in computing CM for urban areas (Rawls
et al.,, 1981). For example, do the impervious areas
connect directly to the drainage system, or do they

= gutlet onto lawns or other pervious areas where

infiltration can oceur?

Connected impervious areas

An impervious area is considered connected if runoff
from it flows directly into the drainage system. It is
also considered connected if runoff from it occurs as
concentrated shallow flow that runs over a pervious
area and then into a drainage system.

Urban CN's (table 2-2a) were developed for typical
land use relationships based on specific assumed
percentages of impervious area. These CN values
were developed on the assumptions that (a) pervious
urban areas are equivalent to pasture in good
hydrologic condition and (b) impervious areas have a
CH of 98 and are directly connected to the drainage
system. Some assumed pereentages of impervious”
area are shown in table 2-2a

If all of the impervious area is directly connected to
the drainage system, but the impervious area
percentages or the pervious land use assumptions in
table 2-2a are not applicable, use fgure 2-3 Lo
compute a composite CN. For example, table 2-2a
gives a CN of T0 for a Y-acre lot in HSG B, with an

(210-VI-TR-55, Second Ed., June 1926)

assumed impervious area of 25 percent. However, if
the lot has 20 percent impervious area and a
pervious area CN of 61, the composite CN obtained
from figure 2-3 is 68. The CN difference between T
and 68 reflects the difference in percent impervious
HIEETS

Unconnected impervious areas

Runoff from these areas is spread over a pervious
area ag sheet flow. To determine CN when all or
part of the impervions area 15 not directly connected
to the drainage system, (1) use figure 2-4 if total
impervious area is less than 30 percent ar (2) use
figure 2.3 if the total impervious area is equal to or
greater than 30 percent, because the absorptive
capacity of the remaining pervious areas will not
significantly affect runoff.

When impervious area is less than 30 percent, obtain
the composite CN by entering the right half of figure
24 with the percentage of total impervious area and
the mitio of total unconnected impervious ares to
total impervious area. Then move left to the
appropriate pervious CN and read down to find the
composite CN. For example, for a %acre lot with 20
percent total impervious area (75 percent of which 15
unconnected) and pervious CN of 61, the composite
CHN from figure 2-4 is G66. If all of the impervious
area is connected, the resulting CN (from figure 2-3)
would be G5

2-5
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Runoff

When CH and the amount of rainfall have been
determined for the watershed, determine runoff by
using figure 2-1, table 2-1, or equations 2.3 and 2-4.
The rmunofl is usually rounded to the nearest
hundredth of an inch.

Limitations

s Curve numbers deseribe average conditions that
are useful for design purposes. If the rainfall
event used is a historical storm, the modeling
accuracy decreases.

« Use the runoff curve number equation with
caution when recreating specific features of an
actual storm. The equation does not contain an
expression for time and, therefore, does not
aceount for rainfall duration or intensity.

o The user should understand the assumption
reflected in the initial abstraction term (I,) and
should ascertain that the assumption applies to the
situation. I, which consists of interception, initial
infiltration, surface depression storage,
evapotranspiration, and other factors, was
generalized as 0.25 based on data from
agricultural watersheds (S is the potential
maximum retention after runoff beging). This
approximation can be especially important in an
urban application becanse the combination of
imparvious areas with pervious aregs can imply a
significant initial loss that may not take place. The
opposite effect, a preater initial loss, can oceur if
the impervious areas have surface depressions that
store some runoff. To use a relationship other than
Iy = 025, one must redevelop equation 2-3, figure
2.1, table 2-1, and table 2-2 by using the original
rainfall-runoff data to establish new S or CN
relationships for each cover and hydrologic soil

group.

= Runoff from snowmelt or rain on frozen ground
cannot be estimated using these procedures.

o The CN procedure is less accurate when runoff is
less than 0.5 inch. As a cheek, use another
procedure to determine runoff,

« The 3C3 runoff procedures apply only to direct
surface runoff: do not overlook large sources of
subsurface flow or high ground water levels that
contribute to runoff. These conditions are often
related to HSG A soils and forest areas that have
been assigned relatively low CN's in table 2.2,
Good judgment and experience based on stream
Fagre records are needed to adjust CN's as
conditions warrant.

« When the weighted CM is less than 40, use
another procedure to determine runoff.

Examples

Four examples illustrate the procedure for computing
runoff curve number (CHN) and runoff () in inches.
Worksheet 2 in appendix I is provided to assist
TR-55 users. Figures 2-5 to 2-8 represent the use of
worksheet 2 for each example. All four examples are
based on the same watershed and the same storm
event.

The watershed ecovers 250 acres in Dyer County,
northwestern Tennessee. Seventy percent (175 acres)
is & Loring soil, which is in hydrologic soil group C.
Thirty percent (75 acres) is a Memphis soil, which 1s
in group B. The event iz a 25-year frequency, 24-hour
storm with total rainfall of & inches.

Cover Lype and conditions in the watershed are
different for each example. The examples, therefore,
illustrate how to compute CN and Q for various
situations of proposed, planned, or present
development.

Example 2-1
The present cover type is pasture in good hydrologic

condition. (See figure 25 for worksheet 2
information.)

(210-VI-TR-55, Second Ed., June 1986) 2-11



Example 2-2

Seventy percent (175 acres) of the watershed,
consisting of all the Memphis so0il and 100 acres of
the Loring seil, is ¥-acre residential lots with lawns
in good hydrologic condition. The rest of the
watershed is scattered open space in good hydrologic
condition. (See fipure 2-6.)

Example 2-3

This example is the same as example 2-2, except that
the Ye-acre lots have a total impervious area of 35
percent. For these lots, the pervious area is lawns in
good hydrologic condition. Since the impervious area
percentage differs from the percentayre assumed in
table 2-Z, use figure 2-3 to compute CN. (See

figure 2-7.)

Example 2-4

This example is also based on example 2.2, exeept
that 50 percent of the impervious area associated
with the Y-acre lots on the Loring soil is
“unconnected,” that is, it is not directly connected to
the drainage system. For these lots, the pervious
area CN (lawn, grood condition) is 74 and the
impervious area is 25 percent. Use figure 24 to
compute the CN for these lots. CN's for the Y%-acre
lots on Memphis soil and the open space on Loring
soil are the same as those in example 2.2 (See figure
2.8.)

2-12 (210-VI-TR-55, Second Ed., June 1986)



Worksheet 2: Runoff curve number and runoff

Pre ject H_c.::-.-cu lh,r .I":"it.-r?_'s,

By wWIE

Location Dyer Cown 'I-"yJ Tennessea

Clircle one: Deve laped

Date

wlilas

Checked Tf'f""fr Date !EI'."A !RF

l. Rupaff ecurve mesher (CM)

Soll name Cover degcription Araa Frodust
andd CH of
hydrologie {cover type, treatment, and =l 1 & CH x area
EEoup hydrologle conditlon; Sl I Dacges
percent lmpervicus; w Omi=
unconnectad /connected inpervious Bl = = 7t
Cappendix A) ares ratis) el el =
M:-.«p"hna,,fi 'pﬁ.!.+l.pr1:, ghnl cond i i |E] 20 830
Lﬁrlr._ﬂ,": qu-{'urﬁ.l ‘jﬂﬁd {..ﬁndi'h-ﬁ"'- 14 0 180
1 yge only ore CH gource per lime. Totals = \[=la =] =
CH (waighted) = gatel yeoduce) Z A GO 10, | UVse CN = Nie
total area [ e
1. Runoff
Storm #1 Storm #2 Storm #3
FrOQUBNLEY sssdnassmmansis $rEsEESSFEEEaAS ¥r 25.
Radnfall, D (ZA-KouE} senesasnendennnes - n 6.0
Runoff, Q cesccsnannsssnsnnsnnnnnnnnnmns in E‘E;

(Use P and CH wich cable 2-1, fig. 2-1,
Or eq&. =3 and Z=&.)

Figure 25 —Worksheet 2 for example 2-1.

(210-VI-TR-55, Second Ed., June 1986)
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2-14

Frojeer

|4.|:|;..I-E'|n I.'t." A"—t‘f‘g

Worksheet 2: Bunofl curve number and runoff

By 'wWIR

Lecacion

"I'_‘hf = '::.t:qﬂ"\'-‘f, TE'.-. HEE,’_"‘E_EH

Circle one: Present

115

ﬂtr.:ﬁ

Date .ln]rlﬁ‘f

Checked EE e |ﬂl5|ﬂ';

FES LA S 'L'n f

1. Runoff curve number (CH)

(Use P and CH with table 2-1, fig. 2-1,

S5oll nase Cover descriprtion Area Praduct
and {4 L/ of
hydrologic [cover type, treatment, mnd e CH x area
RToup hydrologlic comditfion; ] T T Hacres
parcent impervious: T e Dﬂli?
uncannectod/connected Inpervicous Sl @l =X
{appendix A) ares ratio) el =) =
- :Hp*fv‘ii-ld!-
—
MEHFLI‘:’ E} ILI'L sl v 1q+:|... ﬂli‘.‘lﬂ-:l, -Lq.'v-:h"l'q.q-r\ 11:I 1= EE-SI:}
L 5T, dmqpmewioud
Locing, € |z acee lots | geod comdition |80 oo | gooo
Lﬁ'r'“‘j.{: DP!M gpuf.'!::. gthf-‘ﬁ:[ -:-le.IF‘:‘F‘:n--ﬂ -|'|-i 15 5555
X/ yse only one OH source per lipe. Torals = 250 1&,800
2 total 8, Bos
O (welghted) = SStal produce IBNOD =945 L. .
total area el —————
£.  Runmaff
Storm #1 Stora #2 Stors #%
sl L[ e e T sases  ¥T 25
Rafnfall, P (24=hout) coivennmsnannenenns in £.0
Runoff, @ issnsnnsoscsscavenmmnncnnnsss in ::.:' EE

or eg8. 2=3 and 2-4.)

Figure 246, <Warksheet 2 for example 2-2.
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Worksheet 2: Runoff curve number and runoff

5
Froject Meavew L R

By IR

Location Dy f:-ﬂu":t‘h;.TtﬁﬂenaEE.

Date l-‘-"-‘*1 I 1'@.‘5

Checked MM  Date Iﬂ[?rjlﬂf

Circle one: Present (Developed

1. Funoff curve-nuaber [CH)

Soall mame Caver description H ACEE PFraducte
and CH of
hydraloglc {cover type, Ereatnent, and o CH % area
REToup hydrologic condition; o8 I qlr Eatgea
percant fmpervious; el T T|0Omi*
unconnected/connected impervious o &8 ea| %
{appendix A) area ratio) |'_", E :
35%a rwaprrviads
. L 4 =
MEWFII'"E'IE I."r'r_ Fiae - Hu‘]!‘.ij'ﬂm;ml l".h-"-dil-l‘.run I 1 SESD
31\3""]‘_ llvqr"ilr'u'iﬂ.u;
Locing, € | V2 acre lobs, aoad condition B2 Icoo | B2oo
Lar:u‘a't:_ Grnn Space, ﬂpn;‘. comdiTiovt Y 15 5550
A Use only one CH source per Llae. Totals = 250 11::1l-?'"“'-"""::I
O {weighted) = total product _1“11'335_ 1.2 e 43 = =177
total area 2= ———

2. Runoff

Storm Fl Storm 02 Stors 01
A | e e T g A T E ) ot A A P Y oy e L 25
Rainfall, P (24-MoUE) eevveesrnocnncnnns ia (=,0

i 3.48

AR R LR N KRN

Ranafl, § ..iconmrnasssannanns
(Use P and CN with table 2-1, fig. 2-1,

or eqs. 2-3 and 2-4.)

Figure 2-T.—Waorksheet 2 for example 2-3.

(210-VI-TR-55, Second Ed., June 1986)
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Worksheet 2: Runoff curve number and runoff

Project i ey e Ihf Acres By wlIT Date 1'3!1 le=

Location ]}q-&-:- {:-m.-h-".l‘t-f n Tq: R A L Checkad Wiy Dace IE:‘:HEE-

Circle ope: Fresent L L

l. Runoff curve nusber {CH)

Sall name Coaver degeriptlion Areas Product
and CH o of
hydrologie {eover type, CLreatment, amd | (R CH ® area
grouf hydrologic conditdlon; call i ﬂlm;::
percent impervious; af ™| ™|0Oni*
unconnected/connected impervious 21 wl =l0OX
{appendix A) area eatlo) el Bl =
5%, :;'.El-ﬂﬂrﬂ"q'ﬁ{.‘ ;mrfrvhu{
- S s <
Mf-"n- "m-:’- e I.Irl. G e ib’izﬁ e fur:‘h‘:-u-"- £250
2] 'J 1 1
ES e wgeriice S “‘“'“:.,5“3‘14
) L g i e i 3 T J
Lcil_'l hﬂ] C \fz e, ‘ﬁ‘i'ﬁl .3_&‘:‘1 {M. T TB H ﬁﬁ _IE':K:’
LDFI.“jI{: O pa ﬁp‘rrc,auu::' condi Fon T4 75 | egssn
A/ Uge only one CN source per line. Totals = LS50 |18, ém

_ total product _IE_.EE'D'_ . s
€8 (weighted) S ey .Y . Use oM 14

2.  Runoff
Srorm Fl Seorm #2 Storm #3
FraquEney cssicsscisssansotdsssmnisssssss ¥E Z5
; Rainfall, P (24-HOUT) ssesscsssssssansns in [
o Dl el e e e T e R S 3""ﬂl

(Vse P and CN with table 2=1, fig. 2=1,
Or C4S« =3 and 2=5&.)

Figure 2:8.=Waorksheel 2 for example 2-4.
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Chapter 3: Time of concentration and travel time

Travel time (T) is the tme it takes water to travel
from one location to another in a watershed. Ty is a
component of time of concentration (T,), which is the
time for runoff to travel from the hydraulically most
distant point of the watershed to a point of interest
within the watershed. T, 15 computed by summing all
the travel times for consecutive components of the
drainage conveyanes system.

T: influences the shape and peak of the runoff
hydrograph. Urbanization usually decreases T,
thereby increasing the peak discharge. Bul T. can be
increased az a result of (a) ponding behind small or
inadequate drainage systems, including storm drain
inlets and road culverts, or (b) reduction of land slope
through prading.

Factors affecting time of concentration
and travel time

Surface roughness

One of the most significant effects of urban
development on flow veloeity is leas retardance (o
flow. That is, undeveloped areas with very slow and
shallow overland flow through vegelation become
modified by urban development: the flow is then
deliverad o streets, putters, and storm sewers that
transport runoff downstream more rapidly. Travel
time through the watershed is penerally decreased.

Channel shape and flow patierns

In small non-urban watersheds, much of the travel
time results from overland flow in upstream areas.
Typically, urbanization reduces overland flow lengths
by conveying storm runoll into a channel as soon as
possible. Since channel designs have efficient
hydraulic characteristics, runofl flow veloeity
increases and travel time decreases.

Slope

Slopes may be inereased or decreased by
urbanization, depending on the extent of site grading
or the extent to which storm sewers and street
ditches are used in the design of the water

management system. Slope wall tend to inerease
when channels are straiphtened and decrease when
overland flow is directed through storm sewers,
street gutters, and diversions.

Computation of travel time and
time of concentration

Water moves through a watershed as sheet flow,
shallow concentrated Mow, open channel Mow, or
some combination of these. The type that occurs is a
function of the convevance syvatem and is best
determined by field inspection.

Travel time (T is the ratio of flow length to fow
veloeity:

e T [Eq. 3-1]
Tv=g0 v
whers
Ty = travel time (hr),
L = flow length (ft),
V = average velocity (ft/s), and
3600 = conversion factor from seconds to hours.

Time of concentration (T.) is the sum of T, values for
the vartous consecutive flow sepments:

T.: = Tl.] # le Tlllm I]'_.-I.'l :{2]

where

T, = time of concentration (hr) and
m = number of flow segments.

(210-VI-TR-65, Second Ed., June 1966) 31



3-2

Watercourse slope, ft/ft
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Figure 3-1,—Average velocities for estimating travel time for shallow concentrated Mow.
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Sheet flow

Sheet flow is low over plane surfuces. It usually
occurs in the headwater of streams. With sheet flow,
the friction value (Manning's n) is an effective
roughness coefficient that includes the effect of
raindrop impact; drag over the plane surface;
obstacles such az litter, erop ridges, and rocks; and
erosion and transportation of sediment. These n
values are for very shallow flow depths of about 0.1
foot or g0, Table 3-1 gives Manning's n values for
sheet flow for various surface conditions,

For sheet flow of less than 300 feet, use Manning's
kinematic solution (Overton and Meadows 1976) Lo
compute T:

o 0.007 (nLP3
| (Pp)05 504

Table 3-1.—Houghness coellicients (Manning s n) for
shect Mow

[Eq. 3-3]

Surface description n'

Smooth surfaces (concrete, asphalt, pravel, or

T e U | T | | | |
Falbow (o mesidued . o i i e ih,05
Cultivated soils:

Rt cover £ o i e a e (.06

Heshdie cover =8 o o i it 017
Girass:

Short grass prairie .........ccceeeeveeeenes 015

Dense prasses® .. ... ..o o il il iennaian 024

Bermubdagrass . oo oo dhes fre it e i b 041
Range (natural) ......... RN VYO i e e 3] X
Woods:?

Light wnderbrush. ... .oooon i innirnnn e enen o L0

Dense underbrush . oovee e oo ies 0D

"The n valses are a composite of information compiled by Engman
(1D85),

ncludes specics such a8 weeping loverrass, Muegrass, buffalo
grazs, blue prama grass, and native prasy mixlures.

"When selecting n, consider cover oo height of about 0] £, This
is the only part of the: plant cover that will obstruct sheet flaw.

where

Ty = travel time (hr),
n = Manning’s roughness coefficient (table 3-1),
» = flow length (L),
Pa = 2.vear, 24-hour rainfall (in), and
& = slope of hydraulic grade line (land slope,
[,

This simplified form of the Manning's kinematic
solution is based on the following: (1) shallow steady
uniform: flow, (Z) constant intensity of rainfall excess
(that part of a rain available for runoff), (2) rainfall
duration of 24 hours, and (4) minor effeel of
infiltration on travel time. Rainfall depth can be
obtained from appendix B.

Shallow concentrated Tow

After a maximum of 300 feet, sheet flow usually
becomes shallow eoncentrated flow. The average
velocity for this flow can be determined from figure
41, in which average velocily is a funetion of
watereourse slope and type of channel. For slopes
less than 0.005 fUL, use equations given in appendix
F for figure 3-1. Tillage can affect Lthe direction of
shallow concentrated flow. Flow may not always be
directly down the watershed slope if tillage runs
across the slope.

After determining average veloeity in fgure 3-1, use
equation 3:1 to estimate travel time for the shallow
concentrated flow serment.

Open channels

Open channels are assumed to begin where surveyed
eroes seetion information has been obtained, where
channels are visible on aerial photographs, or where
blue lines (indicating streams) appear on United
States Geological Survey (USGS) quadrangle sheets.
Manning's equation or water surface profile
information can be used to estimate average flow
velocity. Average flow velocity is usually determined
for bank-full elevation.
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Manning’'s equation is

1.49 rZf gl2
I

V= qu. 34]

where

average velocity (ft/s),

hydraulic radius (ft) and is equal to afp,.,
eross sectional flow area (ft2),

welled perimeter (L),

alope of the hydraulic grade line {channel
slope, fUft), and

n = Manning's roughness coefficient for open
channel flow.

v
r
a

T
5

Manning's n values for open channel flow can be
obtained from standard textbooks such as Chow
(1959) or Linsley et al. (1982). After average velocity
is computed using equation 34, Ty for the channel
segment can be estimated using equation 3-1.

Beservoirs or lakes

Sometimes it is necessary to estimate the velocity of
flow through a reservoir or lake at the outlet of a
watershed. This travel time is normally very small
and ean be assumed as gero.

Limitations

« Manning's kinematic solution should not be used
for sheet flow longer than 300 feet. Equation 3-3
was developed for use with the four standard
rainfall intensity-duration relationships.

« In watersheds with storm sewers, carefully
identify the appropriate hydraulic flow path to
estimate T,.. Storm sewers generally handle only a
small portion of a large event. The rest of the
peak flow travels by streets, lawns, and so on, to
the outlet. Consult a standard hydraulics textbook
to determine average velocity in pipes for either
pressure or nonpressure flow.

s The minimum T, uged in TR-55 is 0.1 hour.

=

« A culvert or bridge can act as a reservoir outlet if
there is significant storage behind it. The
procedures in TR-55 can be used to determine the
peak flow upstream of the culvert. Detailed
gtorage routing procedures should be used to
determine the outflow through the culvert.

Example 3-1

The sketeh below shows a watershed in Dyer
County, norithwestern Tennessee. The problem is to
compute T, at the outlet of the watershed (point D),
The Z-year 24-hour rainfall depth is 3.6 inches. All
three types of fow oceur from the hydraulically most
distant point (A) to the point of interest (D). To
compute T,, first determine Ty for each segment
from the following information:

Segment AB:  Sheet flow; dense grass; slope (8] =
0.01 fuft; and length (L) = 100 ft.

Sepment BC:  Shallow concentrated flow; unpaved;
5 = 0.01 fUi; and L. = 1400 ft.

Segment CD:  Channel flow; Manning’s n = .05
Now area (a) = 27 ft?; wetted
perimeter (py) = 282 fi; s = 0.005
fuft; and L = T300 fi.

See figure 3-2 for the computations made on
worksheet 3.

"
=

[rot to scale)

34 (210-VI-TR-55, Second Ed., June 1936)



Worksheet 3: Time of concentration (T,) or travel time (T}

Preject H Enq{:ml'}l‘ Heresn By Ao Dace '.-E-‘!ln'!::-‘ab_

Locatfan 2 € C“"""‘*"!‘;Ttnf-.i-*:aﬂt. Chr:hthEf nace jolBlas

Clrele one: Present [Dﬂftlﬂptlj

Cirels ome: (2;} TL through subaroa

MOTES: Space {or as sany as two segments per flow type can be used for each

warkshesr .

Include a map, schematie, of deseription of flov segments.

Shoeer flow (Applicable to T. only) Segment ID
l. Surface degeriptlon {(cable 3-1) ccccasssaaan

2. Hanning's roughneszs coeff., a (rable 3-1} ..

3. Flow length, L {total L £ 300 fr} coeeccscss ft
L. Two=yr Ia=hr rainfall, Pz AT O SO O e O L in
%, Land slope, B sascssecscscss e e e L
0.8
0. 007 (nl)
S e T e
'P‘-= &
Shallow concencraced flow Segmant LD

T. Surface descripoiom (paved or umpaved)} .....
B Tt A I TG T ) e i i it
9. Watercourse GloOfE, 5 cesesssssmssssmmmnmenns RESIE

0. Average velacity, ¥V {(ffgure I-1) ccccacavuns frfe

n. 7, = EE%E_E Compute IL oo O ke
Channel flow Segrent 10

12. Cross decciomal flow BYEa, & csccvavassuanns £et
13, Wertped perlesCel, P cevsrrcsvanasssscnassns fe
14, Hydraulie radius, © = i Compute F couenes i
13. Channel #1lope, £ srccscrssssssnnassnananmans TESEE

15. Hanning's roughnese coefl., M cseccsssssnnns

2/3 142
17. ¥ = I.6% ¢ &

Compute ¥V ....... ftfé

n
18. Flow langkh, L csesasssrssasaasrapnssonannnnn i
L
1%, Tl: m Compute T: S hr

M. Uatershed or subarea TL ar Tt {add TL in aceps &, L1, and 19} ....... hr

A
nEMS B
_E?ﬂnﬁifi
D24

160

3.6
Q.01

0,30

0.20|+| -

BC
Unpowed

| Y OO
0.0 |

1.6

O. 24|+ B

0.24]

ch
2
rB8.2

0857

O.008

0.65
2.05

1309

0.94 |+ .

.89

.53

Figure 3-2.—Waorksheet 3 for cxample 3-1.
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Chapter 4: Graphical Peak Discharge method

This chapter presents the Graphical Peak Discharge
method for computing peak discharge from rural and
urban areas. The Graphical method was developed
from hydrograph analyses using TR-20, “Computer
Program for Project Formulation—Hydrology™ (SC5
1983). The peak discharge equation used iz

Ap = Guim@Fy [Eq. 4-1]
where
qp = peak discharge {cfs);
qy = unit peak discharge (camiin);
Am = drainage area (miZ);
Q = runoff (ink and

Fp = pond and swamp adjustment factor.

The input requirements for the Graphical method are
as follows: (1) T, (hr), (2) drainage area (mi2), (3)
appropriate rainfall distribution (1, TA, I1, or TLI, (4}
24-hour rainfall (in), and (5) CN. If pond and swamp
areas are spread throughout the watershed and are
not considered in the T, computation, an adjustment
for pond and swamp areas is also needed.

Peak discharge computation

For a selected rainfall frequency, the 24-hour rainfall
(P} is obtained from appendix B or more detailed
local precipitation maps. CN and total rumoff (Q) for
the watershed are computed according to the
methods outlined in chapter 2, The CN ig used Lo
determine the initial abstraction (1) from table 4-1.
1/F iz then computed.

If the computed [P ratio iz ontside the range shown
in exhibit 4 (4-1, 4-1A, 4-11, and 4-111) for the rainfall
distribution of interest, then the limiting value
should be used. If the ratio falls between the limiting
values, use linear interpolation. Figure 4-1 illustrates
the sensitivity of 1,/F to CN and P.

Peak discharge per sgquare mile per inch of runoff
{qy) is obtained from exhibit 4-1, 4-1A, 411, or 4-1I1
by using T, (chapter 3), rainfall distribution type, and
[P ratio. The pond and swamp adjustment factor is
obtained from table 4-2 (rounded Lo the neavest table
value) Use worksheet 4 in appendix D) to aid in
computing the peak discharge using the Graphical
method.

(Z10-VI-TR-55, Second Ed., June 1956G)

Baiatubl [P}, Ursidrs

EE ]

Figure 4-1.—Vardation of [/I® for ' and CN.

Table 4-1.—1, values for runefl curve numbers

1]

Curve I, Curve I,

nuber 731 numbier (in}
40 3.0 T 0.857
il 2.ETH Tl 0BLT
42 2762 T2 L.TTE
43 24551 T 0. T40
44 255 Td 0. T03
45 2.444 To 0LG6T
416 2348 i 0632
47 LT T7 0597
48 2167 T8 i0h. 54
48 2.082 T4 .52
50 R L] RO .50
| 1.922 g1 0465
i 1546 22 435
Hha 1.774 v 0410
54 1.704 .2 (L1R]
55 165306 S {353
1 1.571 . 0.5
5T 1.508 &7 .20
it} 1.44% ER 0273
a4 1.3 il 0247
G0 = L] 0,222
i1 12719 01 0. 195
[ 1.4 b1 0.174
(i 1175 ok 0151
%] 1.125 hy 0.128
i 1077 a5 0,105
[ 10530 i 0,083
67 0.985 a7 0.06G2
L1 0941 a8 (L1
(1] .80

41



Table 4-2.—Adjustment factor (FF,) for pond and swamp Example d-1
areps Lthal are spread throughowt the watershed

Percentage of pond and swamp areas Fp Compute the 25-year peak discharge for the 250.acre
0 1.00 watershed described in examples 22 and 3-1. Figure
0.2 0.47 4-2 shows how worksheet 4 is used to compute qp a8
1.4 0.57 5 cfs.
a0 0.Th
a4 0.72

Limitations

The Graphical method provides a determination of
peak discharge only. If a hydrograph is needed or
watershed subdivision is required, use the Tabular
Hydrograph method {(chapter 5). Use TR-20 if the
watershed is very complex or a higher degree of
gecuracy is required.

= The watershed must be hydrologically
homogeneous, that is, deseribable by one CN.
Land use, zoils, and cover are distributed
uniformly throughout the watershed.

« The watershed may have only one main stream or,
if more than one, the branches must have nearly
equal T.'s.

« The method cannot perform valley or reservoir
routing.

+ The I, factor can be applied only for ponds or
swamps that are not in the T, flow path.

o Accuracy of peak discharge estimated by this
method will be reduced if [L/P values are used
that are outside the range given in exhibit 4. The
limiting 1/P values are recommended for use.

» This method should be used only if the weighted
CHN is preater than 40.

= When this method is used to develop estimates of
peak discharge for both present and developed
conditions of a watershed, use the same procedure
for estimating T...

« T. values with this method may range from 0.1 to
10 hours.

4.2 (210-VI-TR-55, Second Ed., June 1986)



Worksheet 4: Graphical Peak Discharge method

Project Henvew Lf Acres By EH M Date |O 1516‘5
Locatfon D=,f: r Coauwn T"f 1 ﬂ“ucﬁ.icﬂ Checked "NH’ Dage [Qiﬁ!ﬂj‘

Circle one: Present [ Developed

Daca:

Drainage 8FEd ..oaeace.- A= D.El':.' mi® [acres f640)

"Runoff curve number ..., CN = _}'5 (From worksheet 2}.} F'tlﬂurﬂ 2-6&

|-5.3 hr (From worksheet 3}1 wquee 3-2
Rainfall distribution type = T (I, Ia, II, III)

Fond and swasp areas spread
throughout watershed ...... = T percent of Aﬂ (== acrez or m{E coveread )

Time of concentration .. Tc

Storm #1 Storm #2 | Storm 03

Fl:'i:qu-l_"l'l-ﬂ':r' --------- S s F i nannnn EEEE EE ¥r 25—
Rﬂiﬂtﬁll, P {E-‘i—hnur} B3R EEEEEE SRR in IE'{::]
I“itiﬂl_ ﬂ-hEt[ﬂfli'ﬂn, I-E R N N in CJ'EE-;

{Use CN with table 4=1.)

cnnp‘ut‘-‘ IBIF ----- # EEEFFE R TR TS SN EEEE G‘II

Unit peak discharge, 9, *rrrrrreseessasss  CEMin E'_Tﬂ

(Use T, and Ia.n"l" with exhibit &~ IL )

LT T S N R RE N in 3'?‘8

{From worksheet 2). Flaurﬂ 2=

Pond and swamp adjustment factor, F_ .... e
(Use percent pond and swamp area g

with table &4-2. Factor is 1.0 for

tero percent pond and swamp area.) .

Feak diacharﬂ'—'u qp W M o ] 1.'..{1:'- 3 Lr-5

(Where 9, " quﬁnﬁyp}

Figure 4-3,—Waorksheed 4 for example 4-1.
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Worksheet 2: Runoff curve number and runoff

Frojecrt . . By Date
E Locatfion Checked Date
Circle one: Present Developed
l. Runoff curve number (CN)
So0il name Cover description L/ Area Product
and CH = of
hydrologic (cover type, treatment, and £ CN x area
I Lk ] =T
Rroup hydrologic condition; el ] I:iacges
percent impervious; ol 1 9 |0mi”
unconnected/connected impervious b= il B | -3
el |
lappendix A) area ratio) P H - B 0,
&
1 yse only one CN source per line. Totals =
t
CN (weighted) = EoEM Troduc " = Use CN = [
total area
2. FRunoff
Storm #1 Storm #2 Storm #3

D-2

Frequency .....

aFesEsa Fr

HEI.“E-E].I, P (Eh-hm[} s s s s s s memnmnEna % in

Runoff, 0§ ....

AE s EEEEEE I R in

(Use P and CN wicth table 2-1, fig. 2-1,
o Or eqs. 2-3 and 2-4.)
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Worksheet 3: Time of concentration (Te) or travel time (Ty)

Project By Dace

Location i Checked Date

Circle one: Present Developed

Circle one: TE TL through subarea

ROTES: Space for as many as two gepments per flow type can be used for each
workshect .

Include a map, schematic, or description of flow sepments.

Sheet flow (Applicable to TIE only) Sepment ID i
l. BSurface description (table 3=1) ....eveuvens
2. Manning’s roughness coeff., n (rable 3-1) .. Al
3. Flow length, L (total L € 300 fr) .......... ft
4. Two-yr M-hr rainfall, By sanassncnnerinsais in
5. Land slope, s .6.6.....................+;+ii fr/ffe
G Tt = G;GEES{:EE#. Compute Ty evnses he o
z —
Shallow concentrated Flow Segment 1D
7. Surface description (paved or unpaved) .....
8. Flow length, L ccicurenvenionssisinsssannnus fr .
9. Watercourse $lope, 5 sessverveasvansnsnsnnns LC/EE
10. Average velocity, V {(figure 3-1) .....eeu... fCfs
. T, = 35!‘? Compute T, wevess he 2
Channel flow Segment ID
12. Cross sectional flow area, 8 ........ S Etz
13. Wetted perimeter, Py »eeeccccecsaccsasancnns fE
l4. Hydraulic radius, r --EE Compute T ......: fe
15. Channel slope, § .ceea.- f ....... rrrsssssnnuaa feffe
16. HManning's roupghness coeff., N cevincnnnnnnns
7. V¥ = L r:fa slfz Compute ¥ ....... fcfs
18. Flow length, L ....... R S P = ft
19. . EE%E_E Compute T, ...... hr _JJ'+
20. Watershed or subarea Tc or Tt {add T[ in gteps 6, 11, and 193 ..ec.ss . hr

(210-VI-TR-55, Second Ed., June 1926)
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Worksheet 4: Graphical Peak Discharge method

Project

By Date

Location

Checked Date

=

Cirele onc: Present Developed

l. Daca:

Drainage area ...ssseses Ay
‘Runoff curve number ..., CH
Time of concentration .. T,
Rainfall distribution type

Pond and swamp areas spread
throughout watershed ......

—_—

- mil (acresf640)

® o (From vorksheet 2} o

- hr (Froa worksheer 3}1

(I, Ia, II, III)

- percent of A ( acres or mi®

covered)

Storm &1 Storm P2 | Storm 03
24- Frtquﬂ'ﬂt'jr LI TR T B BT B R R 3 & 44w mmEEEEEE & & :|I'I"
3. Hﬂiﬂfail, F‘{E-’-—hﬂ-ut‘} ------ R I in
4. 1Initial abstracction, I ..... 7 iy Srmy in
(Use CN with table 4=1.)
57 CﬂmPUtf lnIp ++11llll+++llrllla+1 --------
6. Unic peak discharge, g e e BT
(Use TE and I1IF with exhibic 4- IL )
7. H.I.I.I.'I.DEE. q LR Trsssanmman s s mEm s e s # in
(From worksheer 2). Flghrt z-6
&€. Pond and swamp adjustment factor, F_ ....
(Use percent pond and Suamp Area
with table 4-2. Factor iz 1.0 for
tero percent pond and swamp area.)
9. Peak discharge, G +esvsscrannanssanranss efs

{Where qp = qu.n'l.mQ'FF:I

Figure 4-2.-Worksheet 4 for example 4-1.
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